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146Anomalous Left Atrial Drainage of the Vena
Cava in an Adult French Bulldog
Kieran Borgeat, BSc, BVSc,MVetMed, DipACVIM,Maria Lyraki, DVM, Sophie Keyte, DipACVIM,
Darren Roper, MSc, Jessie Rose Payne, DipACVIM, Massimo Caputo, MCh, and
Guillaume Chanoit, DipECVS, Lower Langford and Bristol, United KingdomINTRODUCTION
Left atrial insertion of the cranial (i.e., superior) and caudal (i.e., infe-
rior) venae cavae is a rare disorder in humans and is unreported in
the domestic dog (Canis lupus familiaris). In humans, it most oftenman-
ifests as unexplained cyanosis in patients without other signs of heart
disease. Herein, we report the case of a young French bulldog pre-
sented with cyanosis and marked exercise intolerance, in which a
diagnosis of left atrial drainage of the cranial and caudal venae cavae
was made, with an atrial septal defect (ASD) and aorticopulmonary
collateral vessels.CASE PRESENTATION
A female French bulldog aged 1 year, 7months, weighing 12.6 kg, was
presented to a veterinary teaching hospital for evaluation of unex-
plained severe exercise intolerance and polycythemia (packed cell
volume [PCV] 72%, reference interval 38%–48%). On physical ex-
amination, no heart murmur was detectable, and rhythm was regular.
The dog could walk no more than a few steps without becoming
breathless and sitting down. Therapeutic phlebotomy was performed,
followed by intravenous crystalloid fluid administration.
Echocardiography was performed with the patient unsedated, us-
ing a Vivid e95 r2 and 6S phased-array probe (GE Systems,
Hatfield, United Kingdom). The dogwas somewhat anxious during re-
straint, so image quality was overall suboptimal. Studies showed a sub-
jectively large left heart with a small right side (Figure 1A). The
tricuspid and pulmonic valves were difficult to image clearly but ap-
peared reduced in size, in line with the reduced size of the right heart
(Figures 1B and 1G). The right atrium was identified as a discrete
chamber. No two-dimensional or color Doppler evidence of tricuspid
or pulmonic valve stenosis was identified, but midventricular obstruc-
tion was present in the right ventricle, with aliasing of color flow map-
ping and a pressure gradient approximating 25 mm Hg (Figures 1C
and 1D). Doppler interrogation of pulmonary artery flow was not
possible. A vascular structure was imaged between the left and right
atria, with flow apparent into the left atrium (Figures 1E and 1F).mall Animal Hospital (K.B., D.R., J.R.P.), and Bristol Vet
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/j.case.2020.03.001The left heart was dominant, and chamber dimensions were
compared with 95% reference intervals derived from a wide range
of dog breeds.1 Left ventricular internal diameter in diastole normal-
ized for body weight was enlarged at 1.62 (reference interval 1.15–
1.55),1 and maximum left atrial diameter normalized for body weight
was within the reference interval (1.19–1.56) at 1.46.1
Contrast studies performed using agitated saline were undertaken
from both the thoracic limb (injection in the right cephalic vein) and
the pelvic limb (injection in the left lateral saphenous vein). In studies
of both the cranial (i.e., superior) and caudal (i.e., inferior) venae
cavae, saline contrast was seen to enter the left atrium densely, fol-
lowed by a lower density entering the right atrium. This established
an abnormal venoatrial connection between the systemic veins and
the left atrium, both cranial (superior) and caudal (inferior) to the
heart, excluding the possibility of the vascular structure being part of
a divided right atrium (cor triatriatum dexter).
Computed tomographic (CT) imaging was performed to ascertain
any additional anomalies of thoracic or abdominal anatomy, using a
Siemens Somatom eMotion 16-slice scanner (Siemens Healthcare,
Camberley, United Kingdom). A contrast study from a thoracic limb
injection identified venous flow into the right heart and pulmonary cir-
culation, which again appeared to be of very small volume compared
with the left heart (Figure 2A). The connection between the left
atrium and venae cavae was apparent as before. Several tortuous aor-
ticopulmonary collateral vessels were identified alongside the mid-
thoracic esophagus (Figures 2B and 2C). The azygous vein was
considered to be of normal size and drained into the cranial (superior)
vena cava. Abdominal organ anatomy was normal, excluding the
presence of heterotaxy disorders.
Cardiac magnetic resonance (CMR) imaging, using a Philips D-
sterm Ingenia 1.5-T system and pediatric receiver coil (Philips,
Guilford, United Kingdom), confirmed drainage of the cranial vena
cava into the left atrium and caudal vena cava into both atria via an
ASD, presumed to be a sinus venosus–type ASD (Figures 3A–3C).
All pulmonary veins drained into the morphologic left atrium, but
the right cranial pulmonary vein shared a common orifice with the
cranial vena cava (Figure 3D). The right heart and pulmonary artery
appeared small. Phase-contrast two-dimensional fast-field-echo veloc-
ity-encoded flow studies were used to quantify the shunt severity.
Stroke volume through the ascending aorta was 24.4 mL and through
the main pulmonary artery was 4. 3 mL, a Qp/Qs ratio of 0.18
(normal, 1:1).
Repeat phlebotomywas requiredwithin 1month to control clinical
signs attributable to recurrence of polycythemia (PCV 73%). Palliative
surgery was elected to reduce the severity of systemic hypoxemia. A
modified Blalock-Thomas-Taussig shunt procedure was performed
through a left intercostal thoracotomy: in short, a 6-mm Gore-Tex
stretch vascular graft (Gore & Associates, Dundee, United Kingdom)
was used to connect the left subclavian artery to the main pulmonary
artery through a side-to-side anastomosis. The graft was sutured with
Figure 1 Echocardiographic images illustrating abnormalities detected. The right heart appeared hypoplastic from a right parasternal
long-axis view and was difficult to image clearly (A). A hypoplastic pulmonary artery was visible in short-axis views (B). Midventricular
obstruction of the right ventricle was apparent in short axis, evident on color flow mapping (C) and continuous-wave Doppler (D). A
vascular structure was present at the heart base, between the left and right atrium, with an obvious connection to the left atrium (E, F).
Left apical oblique views identified that the right atrium was small but contained a tricuspid valve, and a distinct partition appeared to
be present between the vascular structure and the right atrium in these views (G, arrows). # denotes cranial vena cava. Ao, Aorta; LA,
left atrium; LV, left ventricle; PA, pulmonary artery; RA, right atrium.
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Figure 2 CT images from the case, displayed using multiplanar reconstructions (MPR) and three-dimensional volume-rendering al-
gorithms. The right heart was confirmed to be significantly smaller than the left heart, with a hypoplastic main pulmonary artery
compared with the size of the aortic root (A). Aorticopulmonary collateral vessels were present between the descending aorta and
main pulmonary artery, seen clearly in both an oblique MPR (B, arrowhead) and volume-rendered (C, arrows) images. CrVC, Cranial
vena cava; PA, pulmonary artery.
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recovered uneventfully and was discharged 5 days postoperatively,
receiving oral antiplatelet drugs to reduce the risk for conduit throm-
bosis (clopidogrel 37.5mg/day, aspirin 6.3mg/day). At reexamination
4 weeks later, exercise tolerance had vastly increased, up to 10 min
uninterrupted and unrestricted exercise, and PCV had reduced to
44%. Echocardiography revealed patency of the conduit at 4 and
16 weeks after surgery (Figure 4), and 12 months later the dog re-
mained well and free of clinical signs, with conduit patency confirmed
echocardiographically and PCV measured at 48%.
DISCUSSION
To our knowledge, this is the first reported case of left atrial drainage of
both venae cavae in a domestic dog. Left atrial drainage of a persistent
left cranial vena cava has been previously reported, also in a French
bulldog,2 but that case differed from the present case in a number
of ways. In the previously reported case, blood from the caudal
vena cava drained as expected into the right atrium. Second, the cra-
nial vena cava was left sided, whereas in the present case both cranial
and caudal cavaewere right sided. In addition, the drainage of a persis-
tent left cranial cava into left atrium is most likely to be caused by an
unroofed coronary sinus (type I) in the previous case.3,4 In the presentcase, in which both cranial and caudal venae cavae were right sided
and drained into the left atrium, we presume that the mechanism of
embryogenesis was related to a sinus venosus defect. Similar cases
are occasionally reported in humans,5 and primary surgical repair is
the treatment of choice.
Complex congenital heart diseases in dogs are infrequently diag-
nosed, perhaps because veterinary examinations are often delayed
until the age of first vaccination (around 6–12 weeks). Neonatal
puppy death is often attributed by laypersons (owners or breeders)
to pneumonia or a viral infection (so-called fading puppy syndrome).6
The proportion of neonatal canine fatalities that are due to complex
congenital heart disease is unknown. In the case reported here, we
presume that the dog survived into early adulthood before clinical
signs of severe hypoxemia were detected because of sufficient pulmo-
nary flow through the small connection between the caudal vena cava
and right atrium through a presumed sinus venosus ASD, in addition
to pulmonary artery flow through aorticopulmonary collateral vessels.
The embryologic origin of vena cava to left atrial connections is
complex. In patients with upper sinus venosus defects, the wall be-
tween the superior (cranial in the dog) vena cava and the left upper
(cranial) pulmonary vein may be lacking, as shown on CMR in this
case, and the pulmonary vein orifice becomes an interatrial commu-
nication. Under particular flow circumstances in utero, depending
Figure 3 CMR images confirming abnormal venoatrial connections. A four-chamber view identified communication between the cra-
nial vena cava and left atrium through a large orifice (A). The caudal vena cavawas identified to communicate with both the right atrium
in amore caudal four-chamber view (B; black arrowheads) and the left atrium through a common orifice with the cranial vena cava in a
coronal projection of the heart base (C). The right cranial pulmonary vein entered the left atrium through a common orifice with cranial
vena cava, best seen in a tangential projection through the shunt (D). CdVC, Caudal vena cava; CrVC, cranial vena cava; LA, left
atrium; LV, left ventricle; RA, right atrium; RCPV, right cranial pulmonary vein.
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Figure 4 Echocardiography performed at 4 weeks after Blalock-Thomas-Taussig shunt procedure. Shunt flow is visible in a right par-
asternal short-axis view (A), in which systolic flow in the pulmonary artery is coded as blue and aliasing flow via the shunt can be iden-
tified as a green mosaic pattern through the shunt, from the left subclavian artery to the pulmonary artery in systole; continuous-wave
Doppler (B) identified continuous flow with a maximum pressure gradient of 36 mm Hg.
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caval–to–left atrial shunt may predominate, and the orifice with the
right atrium may become reduced or atretic, not favouring underde-
velopment of the right heart,7 as in this case. Connection of the infe-
rior (caudal) vena cava to the left atrium is more difficult to
understand. The right horn of the sinus venosus cannot be incorpo-
rated fully into the true left atrium, and it is likely that many cases
of previously suspected caudal caval drainage into the left atrium in
fact represent a left-sidedmorphologic right atrium.8 Here, the dog ap-
peared to have a morphologic, left-sided left atrium.9 Rather than a
direct connection between caudal vena cava and left atrium, the
flow presumably was into both atria through a large sinus venosus
defect, but left atrial flow more florid. We could not confidently iden-
tify a sinus venosus ASD on echocardiography in this case, because of
a relatively poor echocardiographic window and the dominance of
the left atrium and vena cava, but we presume that this was the reason
for right heart inflow from the caudal vena cava at the pretricuspid
level. In rare human cases, drainage of the inferior vena cava into
the left atrium can occur iatrogenically, after incorrect ASD closure
technique.10
Although the right heart was markedly reduced in size compared
with the left heart, there was no evidence of tricuspid or pulmonary
valve anomalies on echocardiographic or CMR imaging, so we cannot
conclusively make a diagnosis of hypoplastic right heart syndrome in
this case.11 The moderate midventricular gradient in the right heart
was presumably caused by an extremely underloaded chamber, and
we suspect that it was not a primary component of pathology.
Treatment for children with left atrial drainage of either (or both)
cavae consists of open heart surgery to restore normal flow dynamics
(i.e., deoxygenated systemic venous blood returning through the
venae cavae and draining into the pulmonary vasculature). This is
achieved through a combination of resection and anastomosis of ves-
sels or the use of conduits or baffles. A partial or temporary solution
may be achieved using a Glenn procedure, in which anastomosis of
the superior vena cava and pulmonary artery is performed, bypassing
the right heart entirely.12 Neither of these options was selected in this
dog. In part this was because of owner factors (financial limitations,
aversion to risk) but also because of the lack of widespread veterinary
experience with these procedures. The use of a modified Blalock-
Thomas-Taussig shunt was selected as a fair option to help control clin-ical signs by allowing a proportion of desaturated arterial blood a sec-
ond pass through the pulmonary capillaries.13 This was deemed
realistic in terms of cost and risk and proved to be successful, at least
to date (14 months after surgery), in the management of this case to
improve quality of life and abolish clinical signs.
It is worth noting several limitations of this case, based on our reflec-
tions. First, transesophageal echocardiography was not performed but
may have helped in confirmation of the classification of ASD in this
case (presumed to be sinus venosus on the basis of embryologic
knowledge of the venous drainage anomalies detected). Second, car-
diac catheterization and angiographic studies may have been helpful
to evaluate hemodynamics further. If postmortem examination had
been available in this patient, it would have provided confirmation
of the anatomic abnormalities and further insights into embryologic
origin.
In this case, we were not confident to make the diagnosis using
echocardiography alone, because of technical imaging limitations
due to patient intolerance of the procedure. Multimodal imaging
was required because of the highly unusual nature of the malforma-
tion and the lack of published reference reports in veterinary patients.
The use of CT and CMR imaging allowed us not only to confirm the
diagnosis but to exclude concurrent anatomic pathology, which may
have limited treatment options. We did not have access to electrocar-
diographic gating on CT imaging, limiting the utility of this modality
alone for our clinic; it is likely that electrocardiographically gated CT
imaging would have provided the diagnosis without the need for
CMR. However, CMR made it possible to accurately quantify the
shunt, which would not have been possible using CT imaging. With
details of the imaging in this case now available, it is possible that cli-
nicians may be able to be more confident in a diagnosis based on
echocardiography alone, but CMR offers the advantage of allowing
complete assessment of pulmonary venous anatomy and accurate
quantification of shunt ratio to assess disease severity and act as a base-
line for monitoring and surgical planning.
CONCLUSION
Left atrial drainage of the cranial and caudal venae cavae is a very rare
congenital heart disease but may occur in dogs presenting with unex-
plained polycythemia. Diagnosis may be suspected on the basis of
CASE: Cardiovascular Imaging Case Reports
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Borgeat et al 151echocardiographic imaging, but CMR is useful to identify pulmonary
venous anatomy and quantify shunt severity. If primary surgical repair
is not considered a realistic option, the modified Blalock-Thomas-
Taussig procedure offers hope for reducing clinical signs and
improving quality of life in dogs.REFERENCES
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